To determine if structured teaching of bedside cardiac examination skills improves medical residents' examination technique and their identification of key clinical findings.
T he decline of physical examination skills among medical residents has been well documented both in the United States and abroad. 1 Fading skills have led to poor performance of residents' examination skills [2] [3] [4] [5] [6] [7] [8] and frequent diagnostic errors by trainees [9] [10] [11] and attending physicians. 12, 13 In recognition of these problems the U.S. National Board of Examiners has recently reintroduced demonstration of competence in the physical examination as a prerequisite step before graduation. The acquisition of basic skills appears an essential first step but evidence that these skills should be nurtured and developed is provided by an intriguing study which illustrates that, even in this era of advanced diagnostic technology, accomplished bedside skills can have a dramatic effect on the care of patients. 14 We conducted a study to assess the effectiveness of improving bedside cardiac examination skills. We postulated that prior interventions had produced disappointing results because trainees had poor examination techniques and/or inadequate skills to recognize key clinical findings. Deficiencies in these core skills would lead to erroneous interpretations of information and subsequent incorrect cardiac diagnoses. Our intervention was novel as it was designed to evaluate 2 distinct educational interventions that focused on teaching the correct technical skills for performing the cardiac exam, and teaching the correct identification of key cardiac findings. One approach relied on traditional bedside teaching methods 15 and the other, where the role of instructors and learners were dramatically different, used principles of collaborative learning. 16 Unlike other investigators, we chose to develop skills in the cardiovascular system as a whole (not just auscultation), and elected to use real patients and bedside teaching sessions in order to reflect the reality of actual patient encounters.
METHODS

Setting
The study was implemented in the department of medicine at a university-affiliated public teaching hospital. Each resident is assigned to 1 of 3 firms at the beginning of their training. Every rotation there are 12 medicine teams to staff (4 per firm). Each inpatient team includes 1 attending physician and 4 housestaff (2 residents and 2 interns). Thus, 48 residents staff the wards each rotation. Teams rotate in 4-week blocks.
Subjects
All residents assigned to the Internal Medicine inpatient service during 2 consecutive rotations were eligible for participa-tion. Residents ''on service'' for both rotations (n =16) were enrolled only once, so a total of 80 residents participated in the study. The Institutional Review Board of the hospital reviewed and approved the study protocol.
Design
We designed the study as a controlled trial with 3 groups. Each resident was assigned to a study group based on firm membership. Two study groups received different educational interventions. The control group received their usual attending teaching sessions (Fig. 1) .
Interventions
Both intervention groups received 3 2-hour bedside teaching sessions focused on cardiac examination skills. The learning objectives were identical for both groups but the method of teaching was purposely unique to each. The 4 teachers in each intervention group planned teaching sessions with a variety of inpatients to develop examination skills and identification of key findings. The 3 sessions covered: (1) examination of the venous pulse, arterial pulse, and precordial movements, (2) heart sounds, and (3) heart murmurs. Subsequent sessions recapitulated some material from earlier sessions in a cumulative manner. Each team of 4 residents' teaching sessions was with the same teacher and replaced the normal teaching time with their ward attending. No written materials were provided to prevent contamination of the control group.
For each learning objective we established standardized examination techniques and explicit perceptual criteria 17 to help identify key findings. See Table 1 for examples of the examination techniques and explicit perceptual criteria for 2 learning objectives for the second heart sound.
Teaching Methods
Demonstration and Practice (DP). The teaching method of DP incorporated a traditional bedside approach. One or more of the residents performed a specific part of the examination and reported findings to the group. The teacher then demonstrated standardized examination techniques and explained explicit perceptual criteria for identifying the key findings. Using this method the teacher confirmed or corrected the findings reported by the resident. All residents then practiced these techniques until they met the objectives for the session.
Collaborative Discovery (CD). The teaching method of CD applied principles and practices of collaborative learning 16 to the cardiac examination. In contrast to the DP group, all residents were asked to perform a specific part of the examination, with each learner making observations before reporting any findings. The teacher then solicited reports from each resident in turn, registering all neutrally and highlighting areas of agreement and disagreement. Next, the teacher sought descriptions of the techniques and criteria used by each learner in observing and describing their findings. Then, the teacher suggested standardization of examination techniques and explanations of explicit perceptual criteria as methods of reconciling
disparate observations and confirming others. All residents then reexamined the patient again using these suggested methods. The process continued as the teacher facilitated movement toward consensus in the group and met the objectives for the session. See Table 2 for a comparison of teaching methods for DP and CD.
Control Group. During the study period the control group inpatient teams participated in their regularly scheduled attending teaching rounds. There was no special emphasis on bedside teaching or instruction in the cardiac examination, but we did not measure the content or location of these teaching sessions.
Study Teachers and Teacher Training
Eight General Internists (4 for each intervention group) with 1 to 15 years of attending experience served as the study teachers. All were recognized as good teachers by the housestaff and peers, and assignment to intervention group was balanced for seniority, co-investigator status and firm membership. A comprehensive teachers' guide developed by 2 of the authors described teaching method (either DP or CD) and curriculum. Each set of teachers then received 8 hours of standardized bedside training in their assigned teaching method with direct observation and peer feedback from the other teachers in their group. All teachers underwent assessment of competency in their assigned teaching method by an independent external observer. Teachers did not participate in, or observe training of, the alternative teaching method and were all blinded to objective structured clinical examination (OSCE) assessment methods.
Assessments
The cardiovascular examination skills of the residents were assessed before and after the teaching intervention using 2 OSCE stations. Eleven outpatients served as volunteers for these stations. They had a wide range of cardiac disorders, including isolated or mixed valvular heart disease, hypertrophic cardiomyopathy, dilated cardiomyopathy, hypertensive heart disease, pulmonary hypertension, and a high-output state. Different patients were used for the pre-and posttests and none were known by the residents.
Outcome Measures OSCE Scores. Each resident completed 2 OSCE stations (2 patients) for their pre-and postintervention evaluations. At each station the residents were assessed on 2 components of examination skills. First, their examination technique was measured by observing how they performed prespecified examination procedures (e.g., did they palpate the point of maximum impulse [PMI]?) during the 7 minutes allotted to evaluate each patient. Second, residents were given 6 minutes to write their key findings for each OSCE station, and these Other Measurements. We measured several other factors we believed could impact the results of the OSCE scores. All residents had audiometry tests to screen for hearing defects, and completed a brief survey to assess demographic characteristics and previous cardiovascular or musical training. We also evaluated stethoscope quality based on reported acoustic performance. The residency program provided in-training exam (ITE) scores as an additional comparative measure.
Statistical Analysis
Practical constraints limited our sample size to the number of residents on the wards during the study period. Based on this fixed sample size the study had 80% power to detect a 12% difference between groups. This difference is equivalent to about 4 additional examination techniques being performed (2 per patient), or the correct identification of 4 additional key findings (2 per patient)-a clinically important difference in our judgment. We analyzed postintervention scores for the 2 outcome skills (examination technique and correct identification of key findings) with 2 separate general linear models. For examination technique we considered postgraduate year, previous cardiovascular training, or general medical knowledge (ITE score) as potential confounders. None of these factors had an independent effect on the association between teaching method and outcomes, so were not included in the final model. For key findings we proposed the same 3 factors as potential confounders plus hearing acuity, stethoscope quality, and musical training. When tested, only stethoscope quality had an effect and was included as a covariate. Both models controlled for preintervention score as a covariate and the specific patients examined as a random effect. Differences between the 3 groups are reported as adjusted mean differences in percentage of correct items on the OSCEs. Dichotomous outcomes were measured using the w 2 test. We calculated all statistical tests using STATA, version 8 (STATA Corp, College Station, Tex). All P values are 2-sided.
RESULTS
Participation
Out of 80 residents enrolled in the study, 75 completed both the pre-and postintervention OSCEs (94% follow-up). The missing residents did not differ from study residents on baseline characteristics and were from all 3 groups.
Baseline Performance
There were no differences in the 3 groups on any baseline measures-gender, year of training, hearing, prior cardiovascular or musical training, stethoscope quality, or ITE score. Scores on the preintervention OSCEs for examination technique and identification of key findings were similar between the 3 groups.
Postintervention Performance
Overall. Figure 2 shows that after the structured teaching both intervention groups significantly improved their technical examination skills compared with the control group. After adjusting for preintervention scores there was an increase of 12% (95% confidence interval [CI] 6% to 19%) in measured skills for the DP versus control group (P =.001). This translates into the correct performance of an additional 4 examination skills (average of 2 per patient) by each resident who received the DP teaching. The adjusted increase in the CD versus control group was 10% (95% CI 4% to 17%) (P =.004), which corresponds to each resident in the collaborative study teaching method performing an additional 3 examination skills correctly on 2 patients. The difference between the CD and DP groups was not significant. However, the improvements in identifying key findings were more modest. There was no significant improvement for DP versus control and the adjusted increase was 5% (95% CI 2% to 9%) for CD versus control (P =.046). This difference corresponds on average to the correct reporting of 2 additional key findings (average of 1 clinical finding per patient) by each resident who received the CD teaching (Fig. 3) . 
Individual Examination Techniques
Residents' abilities to perform specific examination maneuvers varied. They uniformly performed poorly in currently assessing jugular verious pulse (JVP) (11% overall at baseline, 35% overall postintervention) and auscultation in the sitting position at end expiration (11%, 14%). In contrast, residents uniformly correctly identified the PMI location (93%, 99%).
Residents' abilities to demonstrate assessing for a right parasternal heave (43%, 47%) and auscultation in the left lateral decubitus position (39%, 49%) were intermediate. Measuring JVP and auscultating in the left lateral decubitus position improved significantly in the DP group postintervention (P =.04 for JVP; Po0.01 for left lateral decubitus auscultation).
DISCUSSION
We have shown that a structured program of bedside teaching of the cardiac exam does produce an improvement in the performance of the correct examination techniques, creating the optimal conditions in which to elicit and interpret key examination findings. However, our enthusiasm for this success is tempered by the relatively modest improvement in the identification of key findings. Our results show that a short intensive course will increase residents' technical skills so that they perform about 65% of maneuvers correctly (or an increase of 3 to 4 correctly performed examination techniques from their baseline). Disappointingly, this improvement does not translate into a clinically significant increase in the recognition of key findings (only residents who had received CD teaching identified, on average, an additional 2 key findings). In fact, a striking observation is that like other investigators, 1, 7 we have shown that residents' overall performance is poor-our study demonstrates the detection of key findings rising from only 40% to 45% of those potentially identifiable (Fig. 3) . Interestingly, we found that stethoscope quality was a significant (P =.02) independent predictor of residents' score on the correct identification of key findings. This should not come as a surprise, as perceptual interpretations are a more challenging aspect of the cardiac exam than rote performance of maneuvers. 18 However, being able to identify key findings is what really matters clinically. We think our findings of inadequate skills in this area may help explain why trainees perform so poorly in diagnosing cardiac conditions using a variety of outcome measures-cardiac simulators, 3, 4 computer training programs, 19 audiotapes, 1 or real patients. 8 If a resident does not recognize a loud P2 or detect a right ventricular heave, it is unlikely they will be able to diagnose pulmonary hypertension at the bedside. Perceptual interpretations of key findings have been shown to be directly influenced by the clinical context and framework the learner is considering, 20, 21 i.e., you see or hear what you are looking or listening for. It would have been interesting to see if providing the residents with some history or other clues at the OSCE stations would have improved the success of the teaching intervention. There are some limitations to our study. First, this trial was not randomized as it was difficult to randomize residents already established in a firm-based structure. However, it was a controlled single-blinded study with no measurable differences between groups at baseline. We used real patients and 2 OSCE stations to measure outcomes-although standardized, using different patients meant key findings were different for the posttest analysis. Unlike using simulators or computers, utilizing actual patients (although more realistic) means it is harder to ensure uniformity and reproducibility of clinical findings. Our gold standard for key findings was a consensus of findings from experienced clinicians rather than phonograms or echo findings as visual, palpable, and acoustic phenomena were all measured. In addition, the teaching was only for 6 hours, which may have been insufficient. Finally, there was no assessment of the durability of the intervention effect.
There are some grounds for optimism. We see our study as a first step in understanding the continuum from acquiring technical skills to identifying key findings, interpreting their meaning and, ultimately, arriving at a diagnosis. Ours is the first study to show that a short bedside teaching intervention can significantly improve technical skills of residents and suggests that 1 teaching method has the potential to improve the identification of key findings. Why was the innovative CD method possibly better than traditional DP in this regard? The CD method of teaching may leave learners less susceptible to some of the pitfalls that lead to errors in identifying and interpreting findings. 22 For example, CD learners might be less likely to stick with their initial impressions (anchoring heuristic) and be less vulnerable to premature closure. On the other hand, they could be more open to alternative perspectives (framing effects) and less intimidated by authority (blind obedience). These findings need to be tested in different clinical settings and in other institutions to see if they are reproducible. Clearly, more work remains to improve the teaching of pertinent physical examination skills and assure their relevance for future trainees.
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